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ABSTRACT 


Dopa decarboxylase (DDC, E.C. 4.1.1.26) from Drosophtla melanogaster 
was purified and antibodies elicited against DDC were used to measure 
the amount of immunologically cross-reacting material (CRM) present 
in mutant strains. The mutant strains belonged to tic different 
classes. The first designated as _2(2) amd, were recessive lethal on 
standard food and dominant lethals on food containing a-methyl dopa (AMD). 
AMD is a substrate analog and noncompetitive inhibitor of DDC. The 
second class of mutants, designated as 1(2) Dde were also recessive 
lethals and had reduced levels of DDC. 

The 2(2) amd mutants, as heterozygotes, did not exhibit any sub- 
stantial differences in the activity or CRM levels of DDC. The 2(2) Dde 
mutants, as heterozygotes, had 28-55% of the enzyme activity and 43-75% 
CRM of the control. The 2(2) Dde mutants could be classified into three 
distinct classes based on their activity and CRM levels. The class I 
mutants behaved like true null mutants and apparently produced no DDC 
polypeptide. Both class II and class III mutants apparently produced 
mutant DDC polypeptides. The mutant polypeptides of class II mutants 
were more defective than the mutant polypeptides of class III mutants. 
The severity of mutant defects, as judged from the activity and CRM levels 
observed, agrees with the intragenic complementation pattern exhibited 
by 2(2) Dde mutants. 

In an attempt to identify putative regulatory mutants, 27 wild type 
stocks were screened for altered levels of DDC. All these stocks were 


isogenic for a different second chromosome. One strain, BI-140, was 
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found to have 25% more activity than the Canton Special strain. The 
observation that it also had 20% more CRM than normal possibly makes it 


a strain containing a mutant in a regulatory locus affecting DDC. 


a 
a0 


if 
er LEN 


ACKNOWLEDGEMENTS 


I wish to acknowledge Dr. Ross Hodgetts for his: guidance, 
encouragement, and patience throughout the course of this research. I 
also wish to express my thanks to Dr. Stemke for his helpful suggestions 
regarding immunological techniques and for the use of his laboratory. 

[ would like to thank Dr. T.R.F. Wright and Dr. Glenn Bewley for 
providing the mutant and wild type stocks analyzed in this project. 

TE am also grateful to Dr. Ken Morgan for his advice and help in the 
computation of my results. The help of Arun Kumar with the computerized 
piotting of graphs is greatly appreciated. I am indebted to Bill 

Clark for his helpful discussions and assistance with photography. I 


would like to thank Lois Girton for typing and editing my thesis. 


vi 


sefoonsni 2 ie ae wie 
: RS OMe ) Desc 


he 


r dna oe of wheter ia” 
cue eiauaa0> <i ae ae 7 wh Ye =o Tipe: e o cot inset 


"i 


) ; ieee et alge, % eer a 
: soe 0m as poeta wa) onetetiyett ‘natin etd nol sf 
eheodt ee i Bia Re uty, Benia alent? sie ¢3 oat a 


1) 4 % 
! i fra ’ : 7 


7 a 


ia 


TABLE OF CONTENTS 


ABSTRACT 
ACKNOWLEDGEMENTS 
LIST OF TABLES 


LIST OF FIGURES 


INTRODUCTION . 
MATERIALS AND METHODS 
Drosophila melanogaster stocks 
Chemicals 
Dopa decarboxylase assay 
DDC purification 
Protein detemination .. 
Acrylamide gel electrophoresis 
Vertical slab gel electrophoresis 
Disc gel electrophoresis 
Qualitative immunological analysis 
Quantitative precipitin analysis 
Quantitative immunoelectrophoresis 
OBS N Dulles Te PR De een) oad eae 
DDG puriercatzon &s, a: 5 
Characterization of antisera A and B 
Quantitative precipitin analysis 


Quantitative immunoelectrophoresis 


1, 


PAGE 


DDC activity~measurements, . 


Screen for altered levels of DDC activity in wild type 


SEO CKSaare | Garis 1 cas nue ee 
DISCUS OPONEY uot.) 6 Beet ete 


BEBE POGRAMI Ge ah sateen Ala «of os 


viii 


° 


~ 45 


- 45 
eS, 


CAO 


LIST OF TABLES 


Table Description Page 

E Summary of the characteristics of the DDC 

mutants and the AMD hypersensitive mutants 8 
It Drosophila melanogaster stocks used 14 
TIT Sumnary of DDC purification data Ie 
Ty Evaluation of the linearity of the quantitative 

precipitin technique 38 
y % CRM obtained by quantitative precipitin analysis 39 
ae Amount of protein present in crude extracts of different 

mutants and the C.S. strain 40 
VII % CRM obtained by quantitative immunoelectrophoresis 54 
VIII DDC activity measurements os) 
IX Screening stocks for altered levels of DDC activity 56 
xX DDC activity and CRM in strain BI-140 58 


XI Summary of CRM and activity levels of DDC in mutant 
strains 


x 


xt 


r 


agi we aw: 


7 


Bi a 


a Bi yt p 


| 


aves - diane lly atm ek 


‘ 
k 
3 


vil 


7 as L 


i 


$ 


i 
") 
¥ % 


ay) 


y ven eh “i Lge tg 


Figure 


Sa 


10 


ul 


12 


13 


LIST OF FIGURES 


Description 


Acrylamide gel electrophoresis of samples taken at 
different stages in the procedure for purifying DDC 


a) Slab gel electrophoresis of the eluate from the 
DEAE column 

b) Disc gel electrophoresis of the eluate from the 
HAP column 


Microdensitometer scan and DDC activity measurements of 
disc gels of eluate from HAP column 


Qualitative immunological analysis of antisera A andB 
a) Double diffusion cells with antiserum A 
b) Double diffusion cells with antiserum B 


Determination of optimum incubation time for the 
formation of the antigen-antibody complex 


Titer determination of immunoglobulin I--—Protocol I 
Titer determination of ‘sfomeraknhen I--Protocol II 
Standard curve: Quantitative immunoelectrophoresis 
Standard curve: Quantitative imnunoelectrophoresis 


Quantitation of CRM in a duplication bearing genotype 
by: immunoelectrophoresis 


Quantitation of CRM in a deficiency bearing genotype 
by: immunoelectrophoresis 


Quantitation of CRM in Dde mutants by immunoelectro- 
phoresis 


Quantitation of CRM in amd mutants by immunoelectro- 
phoresis 


Mapping scheme for the character controlling increased 
levels of DDC activity 


Proposed model for DDC dimers in mutant heterozygotes 


Page 


24 


26 


29 


OZ 


34 
36 
42 


44 
47 
49 
51 
6) 


60 


66 


fh Mi fa 
Ta) 
i” 
7 
pag Fe Ph cece ls pr Ui a tiny Ce te 
E\esi we Bie ed ee | mer ‘ : eer 
i oe » y 3! ie) F ee a iv) sb on ye ma co 
j p > i ji " i i 7 - | 
. NEL 26" ARE, ARR mt he Bye wt: ose ora k , 
; eat ek ee my wae i 4 ahd + OP os ‘a 
ee) . as a 
uk a in nS . 7 i rr 
i ae ( SE wttwh “10% 
i vital ; bES ERIS 
“ \: 
7. e b% ma saa 
‘ u ey af - ¢ 
. 
j jag i Pie we “y it : 
? # + 
| gies fos ts 
bipat Veer ae: BAS oy OP, ae puis ‘ 
Pun bey hi 4 Cary. ; # iz x Le 4 rf" of W 4 o thet 
; 2 . , ba : i : a nee , 
ie We Ns ee ee rere, ae 
y : ee eat wt. ah, q ‘ ¥ Ho, ty Lhe és Pe 
a = a, By ¥ 
ae FT A wh | 
hs maths iy "7 = ‘at ia) Ps y i iy By ols in, ah rR ars a q ey. re ma 4 ‘aa 7 
i : Nee: ry oo. a) 7 . er i * : o re 
ia rs NS 
i 


This thesis is dedicated to my parents 


Xi 


‘ 
j 
i 
ay 
fs 
“tT 
( 
} ' 
' na 
it i ae 
, SAS i 
‘ % ia i 
a * ae 
i i er Hal 
AP i ry 
{ eke 
5 a 
a 
y Ane, Ab 
i § ‘av a 
: , if 7 or 
x « i 
ey ; a ? 
che 
' Ie 
mi pyrite 1) Pita! 


\ 


oe 
— 


(RARER: 


wu 


i 


J i mm ? i es Uae rig 
Hiss 

ey oe ue | 

Ak hi 


by yatentab at) 


oy) n! 


| a iV 
ay 
Naim | 


a 
4 


INTRODUCTION 


The regulation of gene expression in eukaryotes is presently 
explained in terms of a differential regulation of gene activity at 
different times and in different tissues during development. The 
actual mechanisms involved are for the most part unknown, but attempts 
to understand the mechanisms constitute a very active area for modern 
molecular biologists and geneticists. 

Dopa decarboxylase (DDC, E.C. 4.1.1.26) decarboxylates dopa 
(3,4 dihydroxyphenylalanine) to dopamine (3,4 dihydroxyphenylethylamine) 
and is found in both the hypodermis and neural tissues. In Dipterans 
the enzyme appears to have three functions.. It was observed in the 
mosquito, Aedes aegyptt, that there was an increase in DDC levels after 
the adult females were given a blood meal. The blood meal was necessary 
for the initiation of ovarian development and DDC caused a darkening 
and hardening of newly deposited eggs (Schlaeger and Fuchs, 1974a,b). 
DDC also has a role in the production of catecholamines, including 
dopamine, which serve as neurotransmitters in insects (Dewhurst et al., 
1972). Thirdly, DDC plays an important role in the sclerotization and 
tanning of larval and adult cuticles in insects. Extensive work has 
been done on this aspect of the function of DDC in Calltphora erythrocephala. 

DDC is located in the epidermal cells of Calliphora and an jncrease 
in activity was observed as the developing larvae underwent cuticular 
Sclerotization at the larval molts,puparium formation, and eclosion of the 
adult (Karlson and Sekeris, 1966a, Sekeris and Karlson, 1966). The 
actual sclerotizing agent does not appear to be dopamine but rather an 


acetylated derivative, N-acetyl dopamine (Sekeris and Karlson, 1962). 
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Karlson and coworkers also shqwed that the appearance of DDC activity at 
the time of puparium formation was induced by the steroid molting hormone, 
ecdysone. This was further confirmed by Shaaya and Sekeris (1965) in 
Calltphora and Chen and Hodgetts (1974) in Sarcophaga bullata. Fragoulis 
and Sekeris (1975a,b) have shown that the increase in DDC activity in- 
duced by ecdysone is due to the translation of newly synthesized mRNA 
molecules. The mRNAs were isolated from epidermis of Calltphora and 
when incubated in a ribosomal system tn vttro under conditions of pro- 
tein synthesis, produced DDC, which was identified by immunoprecipitation 
with specific antiserum against ppc. 

Two peaks of ecdysone are found in Bombyx mori (Shaaya and Karlson, 
1965), in Calltphora (Shaaya and Sekeris, 1965) and in Drosophila 
(Hodgetts et al., 1977); these occur at puparium formation and later 
just prior to the secretion of the adult cuticle. Residual levels 
of ecdysone are known to be present in the adult stages of several 
Insects (Hodgetts et al., 1977, King, 1970)and are known to 


play 2 role in oogenesis in insects (Hagedorn et Ale io: 


Lagueux et al., 1977; Legay et al., 1976). DDC in Drosophila also 

shows two peaks of activity (Lunan and Mitchell, 1969; McCaman et al., 

1972) which occur at puparium formation and eclosion. The peak 

of DDC activity at eclosion appears well after the second peak in ecdy- 

sone titer. Thus, there seems to be more than one regulatory control in this 
system; the BDC activity is being induced by ecdysone at puparium 

- formation, at a later stage ecdysone has no effect on the DDC activity 

and still later DDC activity is seen in the absence of ecdysone. The 

second peak of DDC activity could be independent of ecdysone. Alter- 


natively, synthesis of DDC mRNA, induced during the second ecdysone 
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peak could result in a "masked" product not translated until just prior 
to adult eclosion, 

Not much is known about the mechanisms of ecdysone action. In the 
1960's Karlson and his coworkers (Karlson, 1965, 1966, 1968; Karlson 
and Sekeris, 1966b) suggested that the hormone might act as an effector 
molecule and combine with repressor proteins, thus allowing certain 
genes to be transcribed. They compared it to the Jacob and Monod 
scheme of bacterial enzyme induction (Jacob and Monod, 196la,b). Later 
in the early 1970's, Emmerich (Emmerich, 1970a,b) presented evidence 
which showed that ecdysone reversibly binds to proteins in the cyto- 
plasm and is transported into the nucleus where he postulated it could 
function as an effector molecule. He also observed that ecdysone bound 
to the acidic chromatin proteins and not to the nucleohistones. These 
observations compare well with those on progesterone, a vertebrate 
steroid hormone. Spelsberg et al. (1971, 1972) have shown that progest- 
erone binds to a receptor protein, the oviduct cytosol protein and 
this hormone-receptor complex binds ten times more effectively to the 
chromatin than does the hormone alone. Cytosol protein from non-target 
tissues did form a hormone-receptor complex but did not bind to the 
oviduct chromatin. A specific fraction of acidic proteins, vzz the 
AP fraction, associated with the chromatin was seen to enhance the 
binding of hormone receptor complex to the oviduct chromatin. This 
system exhibits a positive control mechanism where hormone-receptor 
complex enhances the binding to the target tissue chromatin. The model 
proposed by Karlson and coworkers suggests a negative control system 
wherein the hormone combines with the repressor protein, thus enabling 


certain genes to be transcribed. 
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Yund and Fristrom (1975) have studied the uptake and binding of 
ecdysone in imaginal discs of Drosophila melanogaster. They observed 
that uptake and retention of ecdysone caused an increase in RNA synthesis. 
Two types of hormone binding sites were recognized--nonspecific sites 
not subject to competition and specifie sites subject, to competition, 
which were saturated at the low hormone concentrations which induce 
morphogenesis. Results obtained in experiments using inhibitors like 
actinomycin D, cycloheximide, and N-ethylmalemide suggested that the 
binding sites already existed in the cell prior to an exposure to the 
hormone and that functional sulphydryl groups were needed for binding. 

Studies of the generalized effects of the hormone such as those 
carried out by Yund and Fristrom will not lead to a complete understand- 
ing of the mechanism of ecdysone action. This will require an analysis 
of the specific effects of ecdysone on the expression of a particular 
gene. It is our hope that the study of DDC will provide a useful model 
system for this purpose. 

The genetic approach to the problem has been to induce and recover 
mutations in Drosophtla melanogaster that affect the levels of DDC. 
Initially it was thought that some could be regulatory mutants and some 
could be mutants in the structural gene. Wright and coworkers employed 4 
structural analog of dopa, a-methyl dopa (AMD), as an inhibitor of DDC 
to screen for mutants with abnormally high and low levels of DDC 
activity in flies. AMD added to standard Drosophtla media is lethal to 
the developing organisms and times of death correspond with periods at 
which DDC activity are known to peak. Mutants with elevated levels of 
DDC should be resistant to a normally lethal concentration of AMD and 


mutants which decrease DDC activity should be sensitive to normally 
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tolerable concentrations. 

Sherald and Wright (1972, 1974) isolated three strains which 
showed greater resistance to AMD than the wild type. Two of these 
Strains showed significantly higher levels of DDC activity (20-40%). 
One of these strains was isolated directly by high DDC activity and was 
later found to be resistant to AMD. There was no indication that DDC 
had been altered in these mutants as seen by thermolability studies and 
tn vitro response to AMD. The second chromosome was found to be 
associated with both high DDC activity and resistance to AMD induced 
lethality. The left arm of the second chromosome was responsible for 
the increase in DDC activity in these strains while both the left and 
right arms of the second chromosome contributed to the increase in 
resistance. ft thus appeared that screening for resistance to AMD 
had some potential as a method for recovering mutants which produced 


excess amounts of DDC, 


Sparrow and Wright (1974) isolated AMD hypersensitive mutants and 
carne their effect on cuticle development. The seven strains isolated 
were dominant lethals on food containing AMD and recessive lethals on 
standard food. Addition of AMD to the food at any time caused death at 
the following molt and this time could not be advanced by increasing 
the level of AMD, showing that AMD was an inhibitor of cuticular devel- 
opment. All these mutants mapped to a single locus, 53.110.5, desig- 
nated as 2(2) amd. There was no appreciable difference in the DDC 
activity levels of newly eclosed adults of these mutant heterozygotes 
compared with their control strains. Thus, while AMD could be used to 
discriminate strains with increased levels of DDC, it could not dis- 


tinguish strains with decreased DDC levels. 
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A location of the structural gene for DDC was proposed by Hodgetts 
(1975). Using the methodology developed by Lindsley et al. (1972) of 
segmental aneuploidy to test the genome of Drosophila for DDC-dosage 
sensitive regions, he found that DDC activity was affected by the dupli- 
cation of only one region in the genome--36EF-37D on the left arm of 
the Second chromosome. Deletions and duplications in this region were 
associated with approximately 50% decreases and 50% increases in the 
enzyme activity as compared to euploids containing two copies of this 
region. The amd locus was also seen to be located in the DDC-dosage 
sensitive region 36EF-37D (Wright et al., 1976a). Organisms with 
different doses of this region were differentially sensitive to AMD in 
food, strains containing a single dose being more sensitive than those 
containing two copies of this region and strains with three copies were 
more resistant to AMD than euploids. 

Several deficiencies that delete the DDC-dosage sensitive region 
and the and locus were isolated and studied by Wright et al. (1976a). 
The deficiencies were carried as heterozygotes over a balancer chromo- 
some and the DDC activities of these heterozygotes were measured. Four 
deficiencies, Df 50, Df 130, Df 158, and Df #71 showed approximately 
50% of the activity of controls, indicating that they carry only one 
copy of the DDC-dosage sensitive region. Cytogenetic data showed that 
these deficiencies overlap and that the region 37B10-37C7 was deleted 
by all four deficiencies. The DDC-dosage sensitive region must be 
located in this region. The amd locus was also located in this region 
firstly because no amd / Df segregants from an appropriate cross involving 
these four deficiencies could be obtained. Secondly, the four deficiency 


heterozygotes were more sensitive to AMD in their food than control strains. 
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The authors suggested that the dosage sensitivity of the region 
37B10-37C7 indicated the presence of the structural gene for DDC in 
this region. There could be other possibilities as observed by Rawls 
and Fristrom (1974) who, in addition to expected structural gene dosage 
responses, found flies hyperploid for several autosomal regions displayed 
altered levels of isocitrate dehydrogenase and a-glycerophosphate 
dehydrogenase. O'Brien and Gethman (1973) have pointed out that dosage 
sensitivity can only indicate the probable presence of a structural 
gene locus but cannot confirm this fact. 

Wright et al. (1976b) isolated 26 recessive lethal mutations with- 
in Df 150, one of the deletions which included the putative structural 
gene for DDC. Amongst these lethals, eight DDC-deficient mutants were 
identified on the basis of the reduced DDC activity found in strains 
heterozygous for these mutations. The complementation analysis indicated 
that all eight mutations were allelic to each other and they were 
designated as 2(2) nde through 7(2) Dee The data aS ae ees in 
Table I summarize the properties of the two classes of mutants. .All. 

Dde alleles complement with all amd alleles and therefore seem to be- 
long to different genes. The amd locus mapped to the left of Dde and 
the distance between the Dde and amd loci, located in the 11 band re- 
gion, 37B10-37C7, was calculated. Two pairs of alleles, lee and Paes 
were less than 0.003 map units apart with a maximum estimated recom- 
bination frequency of. 0.01% and wa ae and Dde”® were approximately 
0.0036 map units apart with a maximum recombination frequency of 0.017%. 

The fact that the amd locus maps so close to the DDC structural 
gene locus suggests that they could be two groups of complementary 


mutations within the same cistron. However, DDC extracted from amd 
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TABLE I 


Summary of the characteristics of the DDC mutants 


and the AMD hypersensitive mutants 


DDC mutants 


Recessive lethals 


Map in the region 37B10- 
37C7 


Homozygotes die at the end of 
embryogenesis; they are unable 
to hatch from the embryonic 
membranes. They do not exhibit 
any abnormalities of the 

anal organs. 


Heterozygotes are not hyper- 
sensitive to AMD in the food. 
Heterozygotes show 28-53% of 
the control DDC activity. 


Dde"™ pee progeny except 

Dde”? /pde”"” exhibit an 
“escaper' phenotype character- 
ized by prolonged developmental 
time and die within 24 hours of 
eclosion, absence of normal 
pigmentation, presence of thin, 


-long and straw-colored bristles, 


wing axillae and leg joints 
melanized and the flies walk on 


Tieilr tiola rather than tarsi-out 


have coordinated movements. 


AMD hypersensitive mutants 


Recessive lethals 


Map in the region 37B10- 
S7CY 


Homozygotes die at the end of 

the embryonic period and show 
cuticular abnormalites on the 
last abdominal segment, lateral 
to the anus or across the ventrai 
surface of the segment. 


Heterozygotes are hypersensitive 
to AMD in the food. 


Heterozygotes show approximately 
the same amount of DDC activity 
aS Te CONtLO! SLOCKS. 


He/Hy progeny do not exhibit 
the “escaper' phenotype. 


vii) All DDC mutants complement with all AMD hypersensitive mutants. 


viii) The Dde locus maps to right of amd, approximately :. 003 


map units apart. 


strains was no different from their controls suggesting that these mu- 
tants have nothing to do with DDC. Further, Dde” / CyO heterozygotes 
were not affected by AMD in the food. Finally, the observed distance 
between and and Dde alleles is consistent with these being mutations in 
separate, probably adjacent genes. Wright et al. (1976b) suggested 
that the Dde locus codes for the catalytic subunit of DDC while the amd 
locus could code for a separate DDC subunit carrying an allosteric site. 
However, Clark et al. (in press) have shown that DDC is in fact a dimer 
consisting of two subunits with the same molecular weight (54,000 
daitons), and we feel it is unlikely that the allosteric subunit and 
catalytic subunit have the same molecular weight. While this is by no means 
excluded, we feel the additional data presented in this thesis, argues 
strongly against this possibility(see Discussion). 

Another hypothesis to be considered is that the amd locus codes 
for an enzyme which binds to a substrate whose structure is similar to 
dopa... Lt need not besDDG but could be veryeclosely irelated?to DDG: 
Clark et al. (in press) postulated that the Dde and amd genes could be 
divergent products of an ancient duplication event and that the enzyme 
which decarboxylates 5'-hydroxytryptophan could be the 2(2) and product. 
This is an area which has yet to be investigated. 

Rawls and Fristrom (1975) believe that the rudimentary locus in 
Drosophila contains the structural gene of the first three enzymes in 
the pyrimidine biosynthetic pathway, vtz carbamyl phosphate synthetase, 
aspartate transcarbamylase, and dihydroorotase. Falk (1976) suggested 
that if not all three, at least the first two enzymes were contained 


within a single multifunctional protein complex. An understanding of 
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the need for the presence of multiple cistrons within a locus might 

lead to the understanding of gene regulation and the genome structure in 
higher eukaryotes. The and and Dde loci might represent one of these 
cases Of multiple cistrons within a locus and, if pursued further, 

might reveal more interesting phenomena. 

This project was undertaken to make use of the availability of 
highly purified DDC to prepare specific antibodies with which to probe 
the relationship between these two classes of mutations. The DDC 
activity levels and the amount of immunological cross-reacting naterial 
in the two classes were investigated and the data were interpreted in 
the light of the known subunit structure of DDC (P. Pass, personal 
communication). 

A second goal of this work was to use the antibody to screen for 
naturally Pecueeine wild type strains exhibiting excessive amounts of 
DDC. Chovnick et al. (1976) found a stock associated with more than 
normal levels of xanthine dehydrogenase (XDH) activity and this char- 
acter mapped near the rosy locus which is the structural gene for XDH. 
Presumably there was no alteration in the structure of the XDH poly- 
peptide since kinetic and immunological experiments indicated that 
higher levels of XDH in this stock were due to an increase in number 
of XDH molecules/fly. Fine structure recombination experiments showed 
that the genetic site for this character causing variation in number 
of molecules of XDH/fly, was very close to, but definitely outside of 
the XDH structural gene. Chovnick et al. (1976) present evidence 
against the over production of XDH being due to tandem duplication of 


the XDH structural element.. The genetic element located adjacent to 
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the XDH structural gene appears to function as a cis-acting regulator 
of the XDH structural gene. We are interested in the possibility 


that similar controlling elements may lie adjacent to the DDC gene. 


dip 


ee 


MATERIALS AND METHODS 


Drosophtla melanogaster stocks 
Cultures of Drosophttla melanogaster were reared at 25+1°C in half 

pint milk bottles in a standard medium consisting of 10% yeast, 10% 
sucrose, 1.5% agar, 1% propionic acid, and 0.01% chloramphenicol 

(Nash and Bell, 1968). Canton-Special (C.S.) was used as the wild type 
Strain. A number of wild type stocks isogenic for a different second 
chromosome and designated as Bloomington Indiana (BI)-1, BI-3, BI-11 
were obtained from Dr. Glenn Bewley. The descriptions of all the 
genetic markers and balancer chromosomes mentioned here are given in 
Lindsley: and Grell (1968), 

The DDC mutants and the hypersensitive mutants were obtained 

from Dr. T.R.F. Wright's laboratory. All of these are EMS induced recessive 
lethal mutants. The DDC mutants were isolated on the basis of their 
effect on DDC activity (Wright et aZ., 1976b) and AMD hypersensitive 
mutants on the basis of their sensitivity to the substrate analogue 

AMD (Sparrow and Wright, 1974). The DDC mutants and the AMD hyper- 
sensitive mutants were maintained as heterozygotes in a balanced 

lethal system (See Table II). The control stocks, C~9 (Table IT) SOL. 
Dde..matants and HC8 (Table II) for @md mutants carry unidentified second 
chromosome recessive lethals and were recovered from the screen after 
mutagenesis. The control for D&e mutants did not have reduced DDC activity 


and the control for amd mutants was not hypersensitive to AMD in the food. 


Df (2L) 130 en bw/CyO, a 12 band deficiency covering the Dde 


and amd loci (Wright et al., 1976a), and Dp G1/X, dp b H121 pr/Cy0, 
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a duplication including this region (R.B.Hodgetts, personal communication) 
were used as controls, 
All the Drosophila melanogaster stocks used with the exception of 


the isogenic stocks are given Im Table IT. 


Chemicals 

DDC assay: Oxifluor, Aquasol-2 and radioactive compounds (New 
England Nuclear). 

DDC purification: Polyethylene glycol-6000 (Matheson, Coleman 
and Bell); alumina oo (Sigma); DE32 (DEAE, microgranular, Whatman 
Biochemicals Ltd.); Sephadex G-200 (Pharmacia) and hydroxyapatite 
(HAP, Bio-Gel HTP, Bio-Rad Laboratories). 

Acrylamide gel electrophoresis: Acrylamide (Eastman Chemicals or 
Terochem Laboratories) recrystallized from chloroform; N, N-methylene- 
bisacrylamide (bisacrylamide, Eastman Chemicals) recrystallized from 
acetone, N, N, N', N'-tetramethylethylenediamine (TEMED Eastman 
Chemicals) redistilled tn vacuo. 

Protein determination: Bovine serum albumin (Sigma). 


Immunoelectrophoresis: Agarose (L'Industrie Biologique Francaise S.A.). 


Dopa Decarboxylase Assay 

The enzyme DDC was assayed by the radiometric s5COs microdiffusion 
method of Lunan and Mitchell (1969) as modified by Clark et al.(in press). 
The & Og produced by the decarboxylation of DL dopa ia ie using a 20 


minute reaction period was trapped in oxifluor and counted by liquid 


scintillation, 
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Table II 
Abbreviated stock 
designation 


Ga.5; 


control-9 (C-9) 
pda” /cyo 
Dae” /cyo 
de” /cyo 
pde"* /cyo 
Dae” /cyo 
pde”® /cyo 
Dde”™ /cyo 
de"? /cyo 
Dae fide” 
Df 130/CyO 


Dp G1 


control-8 (HC8) 
H1/SM5 
H45/SM5 
H82/SM5 


H121/SMS5 


~ 

ay 

© 
1 


b SMS 


= In (2LR) 0, dp 


Drosophtla melanogaster stocks used 
Genotypic description 
wild type 


rdo hk pr 1(2)/CyO” 
rdo hk Dde™ pr/CyO 
rdo hk Dae pr/CyO 
rdo hk Ddc"® pr/CyO 


Pap ME ige = 


pr/CyO 
rdo hk Dde”™ pr/Cy0 
rdo hk ie? pr/CyO 


Poth Doe 


pr/Cy0 
n8 
rdo hk Dde™~ pr/CyO 
rdo hk Dde"™? pr/rdo hk Dde™ pr 
Df (2L) 130 en bw/CyO 


Dp(2;Y) G1/k¥, y/k, y; 
dp b 1(2) amit #1 pr/Cyo~ 


HC8 cn bw 1(2)/sus. 


1(2) amd? en bw/SMs 

1(2) amd’*? on bw/SMS 
bea) Gna 4 en bw/SM5 
1(2) and "1 6n bw/SMS 


lvl woe one 


In (2LR) &M5, at” Cy Le” on? sp” 
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DDC purification 

DDC was purified from C.S. third instar larvae and white prepupae 
using the procedure of Clark et al. (in press). Approximate ly 200 gm_ 
of larvae were collected from plastic trays containing standard butte 
and live yeast. These trays were left in a population cage containing 
several thousand adult flies for a day and then incubated at 25°C 
until the mature third instar larvae crawled up the sides of the tray. 
The larvae were collected in water, washed several times, dried, 


weighed, and stored at -40°C or used immediatedly. 


Protein determination 

Protein was determined by the procedure of Lowry et al. (1951) 
using bovine serum albumin as the standard. The samples were dialyzed 
extensively against distilled water prior to determination. For 
small samples this procedure was modified by decreasing the sample 
and reagent volumes by a factor of 4. 

Protein in-columneluates was monitored by measurement of the 


absorbance at 280 mn. 


Acrylamide gel electrophoresis. 

All gels were made as described by Hedrick and Smith (1968) 
with the addition of 0.062% TEMED. The Tris-asparagine reservoir 
buffer system of these workers was used. The separating gels were 8.5% 
acrylamide (w/v). The column eluates were concentrated and then brought 
to 10% glycerol (v/v) before loading. 
Vertical slab gel electrophoresis: The slab gel apparatus used was 


Similar to the one described in Studier (1973). The gels were run at 
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6 mA for 1 hour and then at 10 mA for 3 hours. After electrophoresis 
the gels were removed from the glass plates and stained overnight in 
0.05% Coomassie Blue (w/v) in 25% isopropyl alcohol (v/v) and 10% 
acetic acid (v/v). They were destained either by diffusion in 7% acetic 
acid or by transverse electrophoresis in eeivent. 

Dise gel electrophorests: The gels were cast in glass cylinders with 
an internal diameter of 0.6 cm and a length of 10 cm. The separating 
gels were 7.5 cm long and the stacking gels were about 0.7 cm in length. 
The cylinders were then placed in a disc gel apparatus (Buchler 
Instruments) and the gels were run for 35 - 4 hours. at 1.5 mA 

(constant current)/tube. The gels were removed, stained and destained 
as mentioned above. 


Gel scans were done with a Joyce-Loebl Chromoscan. 


Preparation of rabbit anti-DDC serum 

Four male San Juan Island rabbits were immunized against 
Drosophila melanogaster DDC; two against partially purified DDC and 
the other two against pure DDC. Rabbits were always bled either through 
the middle ear artery: or the peripheral ear yein. Control 
serum from each rabbit was obtained not more than a week in 
adyance of Cae EY are 

‘Blood was allowed to clot for 2 hours at room temperature; 
the clot was seperated from the sides of the tube which was then left 
overnight at 4°C to allow the serum to seep out of the clot. On the 
next day the fluid was poured into another tube without disturbing 
the clot and centrifuged at 1085 x g for 20 minutes. The supernatant 


was centrifuged again if it was not clear and this was repeated until 
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a clear serum was obtained. The serum was stored in 1 ml aliquots at 
~40°C, 

The antiserum obtained after immunizing the rabbits against DDC 
purified through to the DEAE Step will hereafter be referred to as 
antiserum A. A concentrated sample of 2.8 ml of DDC (Table IIT, 
Purification #1) was added in 3 parts to an equal volume of Freund's 
complete adjuvant (Difco Laboratories). The mixture was homogenized 
in a Virtis homogenizer between each addition of the enzyme until a 
homogeneous emulsion was obtained. One drop of 1% ethyl mercurithio- 
Salicylate (sodium salt) was added to the emulsion. This antigen was 
divided into two equal parts and injected subcutaneously between the 
shoulder blades of two rabbits. 

Both rabbits were given a booster shot four weeks later with an antigen 
mixture containing ay 5 ml of DDG (rable Tit »Purification #2) and Freund's 
incomplete adjuvant instead of complete adjuvant. The rabbits were then 
bled one or two weeks after the booster shot and the antiserum A obtained 
was frozen in aliquots at -40°C. 

The antiserum obtained after immunizing rabbits against pure DDC 
will be referred to as antiserum B. The same procedure as mentioned 
above was used for immunization, 1.5 ml of DDC sample (Table III, 
Purification #3) was taken to obtain the antigen for the mince injection. 
Meoeree shot was given with 1.5 ml of DDC Sample (Table III, Purific- 
ation #4), | 

Prior to use, the immunoglobulins were partially purified by a 45% 
ammonium sulfate fractionation and the pellets were resuspended in an 


equal volume of 0.05 M Tris-HCl, pH 7.2 at 22°C. 
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Qualitative immunological analysis 

The double immunodiffusion technique developed by Ouchterlony 
(1958) was used to detect the presence of rabbit anti-DDC antibodies. 
IDF-I cells from Cordis Laboratories were (ooKe DDC samples were 
added to the outer wells and antiserum to ae centre well and the 
cells were incubated at 18+1°C for 60 hours or until the precipitin 


lines were clearly visible. 


Quantitative precipitin analysis 

A double incubation technique was used to measure the amount of 
cross-reacting material (CRM) present in the crude extracts from 
ae Sc aa iSeenCeext acts were nadegin-O.05 9M. Tris-HGl.. pl 7.2 
at 22°C, containing 1 mM phenylthiourea (PTU) and contained 20 mg 
flies (equal numbers of 0-2 hour old male and female flies) per ml. 
Experimental extract (125 yl) was incubated at 4°C for 3 hours with an 
equal volume of crude immunoglobulin preparation obtained from 
antiserum A (immunoglobulin I) diluted 1:50 in 0.05 M Tris-HCl. 
These samples were centrifuged at 34,800 x g for 10 minutes. The 
supernatant (100 »1) was then incubated with an equal volume of standard 
crude extract from C.S. flies for 3 hours. The amount of antibody 
Femaining was determined by the percentage of the enzyme activity 
remaining in the standard crude extract and is a measure of the CRM 


level in the experimental strain. The amount of immunoglobulin I used 


in the first incubation was only just slightly more than required to 


inactivate a standard crude extract with 100% CRM. 
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Quantitative immunoelectrophoresis 

A quantitative procedure for the estimation of CRM as described 
By: Laurell (1965, 1966) was also reeds Different amounts of an 
antigen produce "rocket" shaped precipitin lines when electrophoresed 
into an agarose gel of uniform thickness containing homogeneously 
distributed antibody to that antigen. The height of the rocket was 
used as a measure of the CRM levels. 

The slab gel dimensions were 13 X 16 X 0.3 cm. A final concentration 
of 1% (w/y) agarose, in Gelman Tris-Barbital electrophoresis buffer 
(pH 8.8) at an tonic strength of 0.05, was obtained by heating the 
mixture in a boiling water bath. The solution was cooled to 4531°C 
and 62,5 pl of crude immunoglobulin preparation obtained from 
antiserum B (immunoglobulin II) was added. This agarose-antibody 
eccirs was then poured into the gel mold described by Studier (1973). 
The gels were allowed to set for 30 minutes after which the clamps 
were removed and the upper glass plate was slipped off carefully. A row 
of 12 holes 1.1 cm apart, parallel to the long edge and 2 cm from it, 
was cut with a #2 cork borer (5 mm diameter). The gel was placed 
horizontally in a Gelman electrophoresis apparatus containing the 
electrophoresis buffer in both chambers. The gel was connected to 
the chambers. on either side by filter papers soaked in buffer. The 
samples were oye applied to the holes and the gels were run at 130 
volts (constant voltage) for 6 hours at 4°C. After the completion of 
electrophoresis the gels were incubated in 250 ml of 0.2 M NaCl 
overnight and stained for 30 minutes in 0.05% (w/v) Coomassie Blue 
m AS. 4% (v/v) methanol and 9.2% (v/v) acetic acid. Later they were 


destained by diffusion in 25% (v/v) methanol and 7.5% (v/v) acetic 
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acid. 

Samples for analysis were obtained after partial purification of 
a crude extract containing 200 mg of flies (equal numbers: of 0-2 hour 
old males and females) per m1 in 0.05 M Tris-HC1, pH 7.2 at 22°C, 
containing I mM PTU. The proteins precipitated after a 53~73% saturated 
WH,),S0, fractionation were resuspended in half the initial volume 
in 0.05 M Tris-HCl, pH 7.2 at 22°C. Different amounts of these samples: 
5, 10, and 15 pl were loaded into the wells and electrophoresis was 
carried out. Single rockets were observed above each well in the 
stained gels. These were measured to the nearest 0.25 mm from the 
jeading edge of the well to the tip or the rocket." Linear? regression 
lines and the estimated slopes were computed from the observed values. 
CRM was calculated as the ratio of the Slopes of the experimental to the 


control strain. A standard error ot ‘the ratio waseaiso) calculated. 
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RESULTS 


DDC purification 

DDC was purified according to the procedure of Clark et al. 

Gn preset. Four separate preparations were made. In the first two, 
200 gm of freshly frozen third instar larvae were ground in a mortar 
with a pestle. to obtain the crude extract and the purification was 
carried through to the completion of the chromatography on DEAE. For 
the next two preparations, 200 gm of freshly frozen third instar larvae 
were homogenized in a Waring blender to make the crude extract; these 
preparations were carried through the entire purification procedure. 

The amount of protein and DDC activity in each crude and final 
extract were determined. The specific activity and degree of purification 
of each preparation were calculated and are summarized in Table III. 
Polyacrylamide gel electrophoresis was performed on concentrated 
samples and the results are shown in Fig, la,b. While several bands 
were observed after electrophoresis of the material purified through 
DEAE chromatography (Fig. la), a single band was observed in the 
preparation carried through the complete purification scheme (Fig. 1b). 

A densitometer scan was done on the gel in Fig. lb and a single 
prominent peak was observed. This peak corresponded to the DDC activity 


peak as shown in Fig. 2. 


Characterization of antisera A and B 
Antisera obtained were characterized by the double diffusion 


technique developed by Ouchterlony (1958). Antiserum A obtained after 
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Table III Summary of DDC purification data 


purification final volume ug protein/ml activity specific fold 
step (an ml) in cpm activity purification 
/50 yl = cpm/mg 
Preparation protein 
#1 
crude extract 740 15670 11,000 Ake 0 - 
3 
DEAE concentrate 4.5 264 55000 4,.17X10 297 
Preparation 
#2 
crude extract 910 13790 2) 7 00 URS x7 LO - 
DEAE concentrate 4 231 57,000 4.93X 10° 268 
Preparation 
#3 
crude extract 1004 49000 11,900 -48 X 10 
HAP concentrate 2 205 48,000 4.68X 10° 964 
Preparation 
#4 
crude extract 1050 42000 12500 097% 830 = 
3 


HAP concentrate 3 154 45,500 SOEs hd) 993 
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Figure 1 Acrylamide gel electrophoresis of samples taken at 
different stages in the procedure for purifying DDC 
a) Slab gel electrophoresis of the eluate from the DEAE 
column 
8.5% acrylamide gel was loaded with 26 pg of concentrated 
eluate (Preparation #1, Table III) and run at 6 mA for 1 
hour and then at 10 mA for 3 hours. The gel was stained 
Overnight in Coomassie Blue as explained in the Materials 
and Methods, 
b} Disc gel electrophoresis of the eluate from the HAP 
column 
An 8.5% acrylamide gel was loaded with 20 ug of concentrated 
eluate (Preparation #3, Table III) and run at 1.5 mA/tube 
for 4 hours. The gels were stained overnight in Coomassie 


Blue as explained in the Materials and Methods. 


The arrows mark the tracking dye. 
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Microdensitometer scan and DDC activity measurements 


of disc gels of eluate from HAP column 


The microdensitometer scan of a disc gel loaded with 

20 we of concentrated eluate (Preparation #3, Table III) 
shows a single peak. A gel which was run parallel to the 
first one was sliced into 2 mm slices and assayed for 
DDC activity (William Clark, personal communication). 


The double headed arrow marks the tracking dye. 
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immunizing the rabbits with impure DDC (Preparations #1 and #2, Table IIT) 
was tested with crude extracts: (20 mg/ml) in a double immunodiffusion 
cell and more than one band (Fic. 3a) was epacred: This indicated 
that the serum contained antibodies: against some other Drosophila 
proteins beside DDC. | 

The antiserum obtained after immunizing the rabbits with pure DDC 
(Preparations #3 and #4, Table III) gave one Band with larval and 
adult crude extracts and a Single band with a concentrated eluate 
from a HAP column (Preparation #4, Table III, Fig. 3b). This indicated 
that the serum contained mainly antibodies against Drosophila DDC and 
no other Drosophila proteins. In Fig. 3b all the bands are connected 
and there are no spurs, suggesting that larval and adult DDC are 
identical, 

The anti-DDC antiserum obtained against Drosophila melanogaster 
was tested for its ability to form antigen-antibody complexes with DDC 
from other insects. While the DDC from a Calltphoran, Cynomyopsts 
cadaverina, was not the same as the one from Drosophila melanogaster 
and was not precipitable by anti-Drosophtla DDC antibodies, the DDC from 


Drosophila simulans was precipitable. 


Quantitative precipitin analysis 
Antiserum A was employed for these analyses, and the immunoglobulins 
in both the control and antisera were partially purified by a 45% 


Saturated (NH SO), precipitation. Prior to routine analysis, some 


4 dy 


preliminary experiments were done to determine the incubation time for 


complete antigen-antibody complex formation and the titer. 


mie aM Ati -svsilied itt wath 
bmi pater i lor oie vet 

7” stage boi anenoninna ® thie i 
ota Lbet anav ’ tiie: it ‘at airtel 
bas md pi gn il sgmlaan Spe did diggin if 
iaheinnen ym. obiind ant fia. =: a a : enka gaat, | 


ate oan abe bes en 


is 


oben Uaioe eta denies nts | 


Bin 


ent udo yeast ad a ins 


eee 4 
hn a 
es | 


Ls. oA 


rahe” Wsiled 
= ol 7 a 7 OA ; \ 
: - , : Se 
: } : 
ties hh i ; 7 Oe Ma ant : 
P ; oD ee i. v. : - : . : 
i et ro? eer 
.) a oe 7 hd 
r Vie. ’ ‘ «a : ; 
Sas? ae - a ‘eae or 
Wow 4 re . 


' 
fA 
i 
burt 
on 
) 
ry { 
Cc 
"> 
: 
® 
i ‘7 4 
; 
re 
, ¢ 
: ¥ wy 
_ aay 
iy hi 7 ial 7 7 
7 * ' x 
: a) - - . 
y 7 ‘ 1 
iy <.. Lb O94 ° 


Figure 3. Qualitative immunological analysis of antisera A and B 


a) Double diffusion cells with antiserum A elicited 
against impure DDC, The centre well contained 
the antiserum and well 1 contained C.S. adult 
crude extract (20 mg/ml) and well 4 contained 


C.S. larval crude extract’ (20 mg/ml): 


b) Double diffusion cells with antiserum B elicited 
against pure DDC. | The centre well Ccontazned the 
antiserum; wells 1 and 4 contained C.S. larval 
crude extract (20 mg/ml); wells 2 and 5 contained 
C.S, adult crude extract (20 mg/ml) and wells 
3 and 6 contained HAP eluate (205 pg/ml). 


Two experiments using different crude extracts were done to 
determine the optimum incubation time. Equal yolumes of immunoglobulin I 
(1:50 dilution with 0.05 M Tris-HCl, pH 7.2 at 22°C) and crude extracts 
of C.S. flies were incubated for varying lengths of time between } hour 
and 5 hours at 4°C. The samples were centrifuged at 34,800 x g for 
10 minutes and the Supernatants were assayed for DDC activity. Fig, 4 
shows the results obtained and from these data, 3 hours was chosen as 
the standard incubation time. 

Three experiments using different crude extracts were done to 
determine the titer of immunoglobulin I, Equal volumes of diluted 
immunoglobulin A and crude extracts were incubated for 3 hours at 4°C 
after which the samples were centrifuged at 34,800 x g for 10 minutes. 
The % DDC activity inhibited by the antibodies in each case was 
Calculated. Fig. 5a indicates that a dilution factor of 1:50 was 
optimum. 

A confirmation of this result was obtained using a somewhat different 
protocot.. To 100 yk oof crude extract 25, 50,775, 100, £25) POOP Or 200d 
of immunoglobulin I (1:50 dilution) was added and the final volume was 
adjusted to 300 yl by addition of 0.05 M Tris-HCl, pH 7.2 at 22°C. 
Samples were menace at 4°C, centrifuged at 34,800 x g for 10 minutes 
and the supernatants were assayed for DDC activity. The % activity 
inhibited was calculated and is shown in Fig. 5b. 

After the determination of these parameters, quantitative precipitin 
analyses were performed as outlined in Materials and Methods. The 
linearity of the technique was eyaluated by taking 255° 50,75. and 4100 a1 


Samples of a crude extract of C.S. flies, incubating these with the 
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Figure 4 Determination of optimum incubation time for the 


formation of the antigen-antibody complex 


Aliquots of crude extract from C.S. flies (20 mg/ml) were 
incubated with a 1:50 dilution of immunoglobulin I for 
different lengths of time. Samples were centrifuged and 
the supernatants were assayed for DDC activity. 


Two experiments using two different crude extracts were done. 


TN BT ieeN 


3Z 


DAttee t 


Expt. 11 


PS GRA tig NEO a urearrcor ener br cna serena ne 
Z a 4 D 
Lies IN HOURS 


wks mi A init iti noe m ovigiiens Macipetiba I 
ty fae. ie a the wo oe he cee 


mg cena i ood a | os oe ide ( “7 


ee ee | ( Uttirane nigral peribd: 


a trae oe be 
f Tae a ai ‘, a 


yr hit 
i " 7 


i 


eh @ flo (ha AME a tgeen oan ob i, 
Le ee hap let @ ee afer | 
ets vevn eee rate ey a, accivtae 


Ww 


a ny 7 a ny 
| 7 Ty i Ly Wi 
ees, Bey ic rene 


@ 
~~ © = on at 
nartemeatiates 


as 
a 


ec otmgtt 
: ’ in im 
_ exow Clay OS) | Linge Gort etonwrtne obytd 


| ae eAoEot Ib sneseri zh (Ate J*h. Oe emred & tet begwdeont 
-* = : | } ‘ H ay 
- j 4 i. > && ce . 
Setulib boo toertes Wo sersids, Lhopd <1 mt lodntgemau to 
re ar am, | Zhe ; 
. bo gyvtternes oxeW Sotttyee DAT 6a etew A mifudol yormm? 
ae eo walviene FR to2 bavecen ry eansertogre oAy ber: 
fo, tmoteki ih ites onob ow ee Snertei 22h seri 
‘ 1 f af an : t 
7 ear ; *h «8S OBTI Ko ghtrs> : oy 
| : | 
Ne 7 j 
~ 
: ™% : - ua nd ' 
¥, a m Ex e lf 


. 
fj y i ye - 
: a! iP - . 
7 ; v 


7 
Oy bie : 
PS) 


tsp. 7 ; 


Figure Sa Titer determination of immunoglobulin I -- Protocol I 


Crude extracts from C.S. flies (20 mg/ml) were 

incubated for 3 hours at 4°C with different dilutions 

of immunoglobulin I. Equal volumes of extract and diluted 
immunoglobulin A were used. The mixtures were centrifuged 
and the supernatants were assayed for DDC activity. 

Three different experiments were done using different 


crude extracts. 
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Figure 5b Titer determination of imnunoglobulin I -- Protocol II 


A fixed volume of crude extract from C.S. flies 
(20 mg/ml) was incubated for 3 hours at 4°C with 
different volumes of 1:50 diluted immunoglobulin I 
which had been partially purified. The samples 
were centrifuged and the supernatants were assayed 


for DDC activity. 


Three separate experiments were done. 
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immunoglobulin J and assaying the supernatants of the second incubation 
for DDC activity. to calculate the % CRM present. The values obtained 
are summarized in Table IV and the means and standard deviations were 
calculated based on the assumption that each value was independent. 
Table IV shows that the technique gives a reasonably accurate measure 
of the amount of CRM present. The % CRM observed in different mutant 
strains” by this technique is summarized in Table V. 

To justify: the expression of CRM as a function of live weight and 
not as a function of the total protein present In the crude extracts, the 


protein levels in three different Dde mutants (each belonging to a 


af 


different class, see Discussion) ,their control C-9 and the C.S. flies were 


determined. The amount of protein present in the crude extracts of these 


strains are summarized in Table VI. There was no appreciable difference 


in the amount of protein present in the different mutants, their control, 


orein the G.S. strain: 


Quantitative immunoelectrophoresis 


In this technique, as the antigen migrates into the gel it encounters 


the antibodies and antigen-antibody complexes are formed; these 
precipitate to give "rocket" shaped precipitin lines. Since the 
antibodies are evenly distributed in the gel, the heights of the 
rockets observed were proportional to the amount of antigen loaded; the 
Reights of the rockets increased with increasing amounts of antigen. 


The linearity: of this technique was tested by using 0.1-0.7 ug of 


DDC (102 ug/ml, Table NI, Preparation #3) and observing the rocket 


heights (Fig. 6). The plot of rocket heights against amount of DDC (Fig. 


7) 
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Table V % CRM obtained by quantitative precipitin analysis 


Strain % CRM observed* mean standard 
deviation 
Expts) Exp Gir 
a b a b 
Duplication 143.85 146.46 141.46 134,69 141 5 
Deficiency 45.16 49.61 47.29 44.51 47 2 
pde™ /cyo 39.79 44.79 34.55 Ron, 40 4 
pao" /cy0 54.50 47.58 49.25 a aS 4 
pde”* /cyo BAOA.. We SSh039. UATE Gs Sota wn fod 4 
pde"*/cyo 40.57 43.94 38.85 AAR Gene AZ 3 
Dde” /cyo TILCSe eT SACT) 773A soe) a 3 
pe” /cyo B77 40.92 SoM TIA aS) 3 
pde™ /Cyo 48.10 44.81 46.00 Sing Evy! 3 
de" /cyo 5A Pe SY oC 3 
Haden «12.65 14.23. 19 25 ygpgie. 55. 16 3 
H1/SM5 90.69 93.61 97.41 93.45 94 3 
H45/SM5 91.64 94.96 92.24 Go .t5 e694 2 
H82/SM5 96,88 94.24 90.84 98.34 95 3 
H121/SM5 90.95 94.24 87.21 92.84 91 3 
a ty) 


CRM is expressed as % of control. The C-9 strain was used as the 
control for all Dde mutants, pet aes and the deficiency bearing 
Strain. The HC8 strain was the control for the amd mutants. Euploid 
females of the stock Dp G1 were used as controls for the Dp Gl O’s 


bearing the duplication of the DDC-dosage sensitive region. 
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Table VI 


Strain 


acy 
Gea 

Ddo”? /cyo 

pde”® /cyo 


pde™ /cyo 


“Drotein was estimated in crude extracts containing 20 mg flies/ml 


Amount of protein present in crude extracts of 


different mutants and the C.S. strain 


a 
amount of protein 


yg protein / ml 
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Figure 6 Standard curve; Quantitative immunoelectrophoresis 


Wells # 1-7 of a 1% agarose gel containing antibody 

were loaded with 1-7 1 of HAP concentrate (102 ug protein/ml) 
and the gel was: run for 6 hours at 130svolts ate4 G. 

The gel was incubated overnight in 0.2 M NaCl and 


stained in Coomassie Blue. 
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Figure 7 Standard curve: Quantitative immunoelectrophoresis 


Various. volumes of DDC purified to homogeneity and 


containing 102 pg protein/ml were loaded onto a 


% 


6 agarose gel containing antibody. The gel was run 
for 6 hours at 130 volts at 4°C, incubated in 0.2M 
NaCl overnight, and stained in Coomassie Blue for 

k; hour. The rockets observed were measured to the 
nearest 0.25 mm. 

The linear regression line and the slope of the line 
were computed and the correlation coefficient was also 


calculated. The correlation coefficient was 0.975. 
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appears linear up to 20 mm and 0.5 ug of protein. .All points obtained 


later for CRM estimates fell within this range. 


The results obtained for the mutants are presented in Figs. 8-11 and 
are summarized in Table VII, Samples from Dde"” /nde”™ flies did not 
produce distinct rockets over the wells and hence the CRM level for this 


double heterozygote could not be determined. 


DDC activity measurements. 

DDC activity in the different strains was assayed in the same 
crude extract as used for the quantitative precipitin analysis. The 
yalues obtained, their means and the standard deviations calculated on 
the assumption that each value was independent of the others, are 


summarized in Table VIII. 


Screen for altered levels of DDC activity in wild type stocks 
Twenty-seven wild type stocks including C.S., each isogenic for 
a different second chromosome, were screened for altered levels of 
DDC activity. The crude extracts for the assay were prepared in the 
Same way as those used for the quantitative precipitin analysis. The 
assays were done in triplicate and the average counts for the different 
stocks are presented in Table IX. The activity of each stock was 
expressed as a percentage of the overall average. The results were 
also expressed as a percentage of our standard laboratory wild type 
Stock. Sitice stocks BI-78, BI-133, BI-140, BI-155, BI-3, and BI-164 
appeared to differ significantly from the average, each was reassayed. 


However only the strain BI-140 gave a repeatable result with a 
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Figure 8 Quantitation of CRM in a duplication bearing genotype 


by immunoelectrophoresis 


For each genotype, duplication bearing males and euploid control 
oma. a crude extract containing 200 mg flies/m\Was “concentrated 
two-fold by a 53-73% saturated (NH) ,50, fractionation 

in 0.05 M Tris-HCl, pH 7.2 at 22°C. “A 1% agarose gel ‘containing 
antibody was loaded with 5, 10, and 15 pl of the samples and run 

at 130 volts for 6 hours-at 4°C, incubated in 0.2 M NaCl overnight, 
and stained in Coomassie Blue as described in the Materials and 
Methods. The rockets observed were measured to the nearest 0.25 

mm and the linear regression lines plotted; the slopes were 


calculated and tabulated in Table VII, 
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Figure 9 Quantitation of CRM in a deficiency bearing genotype 


by immunoelectrophoresis 


For each genotype, Df 130/CyO and its control C-9, a crude 
extract containing 200 mg flies/ml was concentrated two-fold 
by a 53-73% (NH) 580, fractionation in 0.05 M Tris-HCl, 

pH 7.2 at 22°C. A 1% agarose gel containing antibody was 
loaded with 5, 10, and 15 yl of the samples and run at 130 
yolts for 6 hours at 4°C, incubated in 0.2 M NaCl overnight, 
and stained in Coomassie Blue as described in the Materials 
and Methods. The rockets observed were measured to the 
nearest 0.25 mm and the linear regression lines plotted; 


the slopes were calculated and tabulated in Table VII. 
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Figure 10 Quantitation of CRM in Dde mutants by: immunoelectrophoresis 


For each genotype, all Dde mutants and their control G-9 2 
crude extract containing 200 mg flies/ml was concentrated 
two-fold by a 53-73% saturated (NH,) S50, fractionation 

In 0,05 °MiTris-HCl, pH 7.2 at 22°Gay A 15 acarose Gelvcontaua ne 
antibody was loaded with 5, 10, and 15 ul of the samples and 
run for 6 hours at 4°C, tncubated’*in 0.2 M NaCl overnreht, sand 
Stained in Coomassie Blue as described in the Materials and 
Methods. The rockets observed were measured to the nearest 

0.25 mm and the linear regression lines plotted; the slopes 


were calculated and tabulated in Table VII. 
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Fregure 11 Quantitation of CRM in q@md mutants by immunoelectrophoresis 


For each genotype, all and mutants and their control HC8, 

a crude extract containing 200 mg flies/ml was concentrated 
two-fold by a 53-73% saturated (NH) 550, fractionation in 
0.05°M Tris-HCl, pH 7.2 at 22°C, "Av 1% aparose cele contammne 
antibody was loaded with 5, 10, and 15 pl of the samples and 
run at 130 volts for 6 hours at 4°C, incuhated in 0.2 M Nacl 
overnight, and stained in Coomassie Blue as described in 

the Materials and Methods. The rockets observed were measured 
to the nearest 0.25 mm and the linear regression lines plotted; 


the slopes were calculated and tabulated in Table VII. 
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Table VII. % CRM obtained by quantitative immunoelectrophoresis 


yl of sample 


Strain 
control 


Dp G1 
C-9 
Df 120 


pde™ /cyo 


pac” /cyo - 


pde”® /cyo 
pae™ /cyo 
pde”” /cy0 
pde”® /cyo 
pde™ /Cy0 


pde”™ /cyo 


Daa Ppa 


HC8 
H1/SM5 
H45/SM5 
H82/SM5 


H121/SM5 


Zt, 


4. 
8 


5 


50 


00 


BXpits 


10 


a5 


11.00 


height in mm 


7450 


5 e000 


Expt. 


it; 


10 


AD 


.00 


R15 


2 


ils 


15.50 


estimate 
of slope 
b 


Qa7 125 


1.0250 
0.9500 
0.9500 
0.9750 


U,a2ou 


ee 
ratio 
be/bce 
% CRM 


P35 


56 


49 
56 
51 
51 
85 
49 
Di 


84 


a3 
93 
95 


90 


54 


standard 
error 


16 


10 


°CRM is expressed as the ratio of the slope of the experimental strain (be) 
to that of the appropriate control strain (bc). See Legend Table VIII. 


No rocket shaped precipitin lines were observed. 
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Strain 


Duplication 


Deficiency 


pde"* /cyo 
Dde"/cyo 
Dde”® /cyo 
pde™ /cyo 
Dde" /cyo 
pe” /cyo 
Dde™ /cyo 
pace” /cyo 


Dante /Dae 


H1/SM5 
H45/SM5 
H82/SMS5 


H121/SM5 


Table VIII DDC activity measurements 


EXD ts, el 
a 
| L4ae7S 145. 
47.49 51 
20.21 23. 
AS oO! 46. 
47.23 48 
24.63 Zor 
24.52 52 
28.42 a2 
46.79 SLs 
LEAN oO; 
5.46 
92.43 89, 
86.36 55 
02.9% S78 
85.64 82. 


* CRM is expressed as 


% DDC activity observed® 
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mean 
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standard 
deviation 


The C-9 strains was used. as the 


control for all Dde mutants, pac” /pde”® , and the deficiency bearing 


strain. 


The HC8 strain was the control for the amd mutants. 


Euploid 


females of the stock DpG1 were used as controls for the Dp Gil Gans 


bearing the duplication of the DDC-dosage sensitive region. 
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Table IX Screening stocks for altered levels of DDC activity 


Stock Average activity % activity % activity 
(in, cpm per 50 nl) (of average) (ot 4Gs 3.) 
G.S. 5828 109 100 
BI-3 4840 91 83 
BI-4 6260 116 107 
BI-15 4661 87 80 
BI-27 5590 104 96 
BI-30 5880 109 101 
BI-32 5116 a5 88 
BI-37 4900 91 84 
BI-46 5190 97 89 
BI-54 4470 83 eS 
BI-62 6310 Liy 108 
BI-76 SOLU 103 95 
BI~78 6750 125 114 
BI-90 6480 120 1s sa 
BI-99 5206 o7, 89 
BI-133 6899 128 118 
BI-154 5037 “94 86 
BI-139 4573 85 78 
BI-140 7206 134 124 
BI-144 5839 109 100 
BI-148 4540 85 78 
BL-149 4432 83 76 
BI-155 4288 80 74 
BI-156 4348 81 75 
BI-157 5578 104 96 
BI-162 5658 105 97 


BI-164 3928 io 68 
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higher level of DDC activity. —BI4140 had 24 % more activity than did 
C.S. and its CRM level was estimated by quantitative precipitin analysis; 


the results are presented in Table X. 
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Table X DDC activity and CRM in strain BI-140 


Stock VP ACULVICY Oni Gaos |, CRM (OL C. 5.) 


BI-140. to Agte 120 5 


Bee tes 
Activity and CRM measurements were done on separate crude extracts 


and two measurements of each. were obtained. 
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DI SCUSSION 


Mutations in both structural genes and the regulatory elements 
controlling these genes could affect the level of enzyme activity in any 
organism. In this thesis we have studied a number of mutants affecting 
the level of the enzyme DDC. Several of these mutants appear to be in 
the structural gene for DDC and one mutant could be a putative regulatory 
mutant of the enzyme. 

The presence of regulatory loci is known both in mice and Drosophtla. 
The best studied example is the regulatory site just adjacent to the XDH 
structural gene in Drosophila (Chovnick et al. 1976). In an attempt to 
identify putative regulatory loci for DDC, we screened 26 naturally 
occurring strains of Drosophila melanogaster, each isogenic for a diff- 
erent second chromosome. These were kindly provided by Dr. Glenn Bewley. 
Of the 26 stocks screened for altered levels of DDC activity, only one 
BI 140, consistently demonstrated abnormal activity. The 24% increased 
activity that we found was apparently due to an overproduction of DDC, since 
the strain had 20% more CRM than normal. Chovnick et al. (1976) observed 
that the character which causes an over production of XDH maps adjacent 
to the XDH structural gene. It causes a 400% increase in both XDH act- 
ivity and CRM and acts as a cis- regulator. The strain BI 140 which 
shows increased levels of both DDC activity and CRM could contain an 
analogous mutation affecting the regulation of DDC. This has to be pur- 
sued further genetically. The following mapping scheme (Fig. 12) could 
be used to map a character D, which we postulate causes an increase in the 
amount of DDC. We are assuming that D maps between rdo and pr, as does 


the Dde gene. 
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Figure 12 Mapping scheme for the character controlling increased 


levels of DDC activity 
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The scheme allows for the production of stocks homozygous for recip- 
rocal recombinant chromosomes rdo + and + pr. If this character maps close 
to rdo, then the recombinants rdo + made into homozygous strain would not 
exhibit increased level of DDC activity, where as the recombinants + pr as 4, 
homozygous strain would show increased level of DDC activity. If it mapped 
close to pr the reverse would be observed. If this character does map close 
to the Dde gene between rdo and pr, further studies to determine whether it 
acts as a cis-dominant controlling element would be of interest. If D does 
not map in the rdo-pr region, it may turn out to be a locus affecting the 
DDC structural gene in a matter similar to that by which one Of thes loci 
mal, ein or lad affects the activity of XDH. All three of these loci are 
remoyed from the ry locus which is the structural gene for XDH. 

The antisera elicited against both partially purified and pure 
Drosophila DDC contained anti-DDC antibodies as shown by their ability 
to inactivate crude preparations of DDC. Antiserum A raised against 
partially purified DDC contained antibodies against more than one Drosophila 
protein (Fig. 3a) whereas antiserum B, which was raised against pure 
DDC was monospecific (Fig. 3b). Fig. 3b also shows that DDC from larvae 
and adults are identical as they form connected bands with no spurs in 
a double diffusion cell containing the anti-DDC antiserum. This was 
further confirmed by the complete precipitation of DDC from adult extracts 
with the anti-DDC antiserum elicited against the larval enzyme. This 
allowed us to use the antibody raised against larvae to monitor CRM 
levels in adults. | 

Antibody reaction with a soluble antigen could lead to precipitation 


or flocculation. In the first case, in the region of antibody excess, all 


antigen is complexed and precipitated. In the second case, the complexes 
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are soluble in excess antibody. Generally, rabbit antisera contains only 
precipitating antibody; the flocculating system is best seen with horse 
antisera. However, flocculation can occur under certain conditions with 
rabbit antisera also, and this may explain why we did not observe complete 
precipitation (i.e., 100% loss of enzyme activity in our supernatents with 
excess antibody). 

The production of specific antibodies to an antigen depends on the 
structure of the antigen and for every antigen there exists a heterogeneous 
population of antibodies reacting with different determinants on the surface 
of the antigen. The antigen-antibody interactions causing the inhibition 
of enzyme activity could either be due to steric hindrance and/or confor- 
mational changes. The inhibition of enzyme activity is due mainly to steric 
effects which hinder the access of the substrate to the catalytic site 
(Michaelides et al., 1964). However, antibodies also may cause conforma- 
tional changes which inhibit enzyme activity (Najjar and Fisher, 1956) 
although. the addition of specific substrates will protect the enzyme from 
subsequent inhibition by its antibodies (Samuels, 1963). We never observed 
100% inhibition of DDC activity after precipitation with antibody (Fig. 4, 
Sa, and 5b). This may be due to partial solubility of a small fraction of 
the antigen-antibody complexes in which the enzyme is not completely inac- 
tivated. 

Quantitative immunoelectrophoresis is a method which should measure 
the total antigen concentration, hopefully equally valid for enzymatically 
active and inactive forms of the protein. The immunoglobulins have to be 
homogeneously distributed throughout the antibody-containing gel to enable 
accurate quantitation by immunoelectrophoresis. In ‘Rocket immunoelectro- 
phoresis', the technique used in this study, the peak height and not the 


peak area is used to estimate the antigen content. The curve is usually 
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linear but deviations from linearity are observed when the antigen range is 
wide. In some cases, semilogarithmic plots of antigen concentrations against 
the peak heights give linear curves and this could be a result of the above 
mentioned deviation. The sensitivity of the technique differs slightly for 
different antigens and depends on the limit of visual detection ofsine 
trocket' shaped precipitin lines. | 

The DDC activity levels and CRM levels obtained by the two different 
techniques used in this thesis are summarized in Table XI. Even though 
quantitative immunoelectrophoresis gave a linear standard curve, the 
values observed for the strain carrying a deficiency in the DDC-dosage 
sensitive region and most of the Dde mutants are higher than those ob- 
served by quantitative precipitin analysis. The values obtained by 
these two techniques probably cannot be averaged and hence are considered 
separately. Since the interpretation of our results is not altered in 
any substantive way by considering the data from either one of the two 
techniques, for convenience in the discussion we will consider only the 
data obtained by the quantitative precipitin analysis. 

Syvanen and Roth (1973) observed that the gene coding for the re- 
gulatory subunit of aspartate transcarbamylase was closely linked and 
adjacent to the gene coding for the catalytic subunit of the same enzyme 
in Salmonella typhimurium. The results obtained from Calltphora 
(Fragoulis and Sekeris, 1975c) showed that the DDC from this insect was 
a heterodimer suggesting an enzyme structure similar to aspantate trans- 
carbamylase. Preliminary results obtained in our laboratory supported 

the idea that DDC in Drosophila melanogaster was also a heterodimer. 
This led Wright et al. (1976b) to suggest that the and gene which is 
closely linked to the Dde gene, might be coding for a regulatory subunit 


of DDC while the Dde gene codes for a catalytic subunit of DDC. A 
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Table XI Summary of CRM and activity levels of DDC in mutant strains 


DDC CRM DDC activity 
(% of control) % of control) 
Strain Precipitin analysis Immunoelectrophoresis 
mean and S.D. mean and S.D. mean and S.D. 

Duplication 141 + 5 133 + 10 148 + 5 
Deficiency Aires 56 + 3. 5425 
Class I 

2 
Dde"“/Cy0 49 + 56 + 45 + 2 

3 
ae Mele aS Sips 47 + 
Dde”™ /Cyo 47 + 3 49 + 55 +7 
Class II 

n1 
Dde™™ /CyO 49 +4 49 + 3 28 + 2 

4 
Dde”* /cyO 42 + Sie 28 + 
vdeo” /cyo diets. 49 + 3 28 + 
Class III 

s 
Dde”°/cyo 75 +3 85 + 4 31 + 

8 
Dde”™’ /cyo 79 + 84 + 10 36 + 
Dde™ pda"? 16 + 3 8 + 2 
H1/SM5 94 +3 93 + 3 88 + 4 
H45/SM5 94 + 2 93 +6 86 + 5 
H82/SM5 95 +3 95 +2 87 + 5 
H121/SM5 Ol ity 90e+)2 S20+04 
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number of observations now argue against this possibility. First, 

Clark et aZ. (in press) have shown by SDS electrophoresis that Drosophtla 
DDC is a dimer consisting of two apparently identical subunits. Second, 
the DDC from Drosophila appears to be quite different from the DDC of 
Calltphora, since the DDC from Calltphora is not precipitable by anti- 
Drosophila DDC antibodies (see Results). Third, one might expect that 
if the and gene coded for the regulatory subunit of DDC, mutants in this 
gene would affect the DDC activity or CRM levels. Table XI shows that 
mutants in the amd gene do not show any substantial changes in either 

the enzyme activity or the CRM level. Thus we favour the explanation 
advanced by Wright et al. (1976b) and elaborated by Clark et al. (in 
press) that amd and Dde genes are the divergent products of an ancient 
duplication event and now code for related but different proteins. We 
postulate that dopa is decarboxylated primarily by DDC but also to a 
limited extent by the amd product, which retains some specificity for dopa. 
In the amd mutants, this product could either be absent or modified and 
hence not decarboxylate dopa. This could account for the consistently 
lower activity and CRM levels in the crude extracts of the amd mutants. 

The CRM levels and the DDC activity measurements allow us to divide 
the Dde mutants into three distinct classes. Mutants in class I, com- 
prised of Daa, bie. and Dde’, had about 50% DDC activity and CRM. 

In class II, mutants wee. Ddey a dnd eee had about 28% activity and 
43% CRM of the control. In class III, mutants poe and neve had about 
35% of the activity and 75% CRM of the control. 

Knowing that the enzyme is a dimer (Clark et al., in press) and 
assuming that these Dde mutants are structural gene mutants and that only 
the dimers exhibit activity and CRM, the observations can be interpreted 
as follows (see Fig. 13): Class I mutants behave like complete null 


mutants--as heterozygotes they have 50% of the activity and CRM of their 
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Figure 13 Proposed model for DDC dimers in mutant heterozygotes 


dimeric enzyme —--— - Fl ore nia oe ea 
composition ———__——_-—_—_— Se ee eee nen eee ee seer ee 
relative amounts ~ 1 | 2 1 
Class [ Only normal polypeptides associate to form normal 
dimers. Therefore, the heterozygotes have about 
50% activity and CRM. 
Class IE 100% CRM” Partially CRM not detected 
100% activity Little or no CRM and 
activity inactive | 
The heterozygotes have about 25% activity and 43% CRM. 
Class IIL 100% CRM” 100% CRM” not detected 
100% activity Partially active CRM and 
inactive 


The heterozygotes have about 35% activity and 75% CRM. 
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control; the active enzyme which is CRM’ is made from polypeptides from 

the CyO chromosome carrying the Dde* allele. It appears as though the 
mutant polypeptides are not produced and if produced, do not interact with 
normal polypeptides. The class III mutant heterozygotes had 75% of the 
control CRM and 35% enzyme activity. The normal polypeptides probably 
associate to form CRM dimers with 100% activity. The normal and mutant 
polypeptides probably associate to form a CRM dimer with some activity. 
The class II mutant heterozygotes had 28% activity and about 43% CRM of the 
controls. The normal polypeptides probably associate to give CRM’ active 
dimers. The mutant and normal polypeptides probably associate to give par- 
tially CRM" dimers which have little or no activity. The lower CRM levels 
observed in class II mutants compared to class III or class I mutants could 
be interpreted in one of two ways. First, the antigenicity of the mutant II/ 
normal dimer is less than that of the mutant III/normal dimer (whose anti- 
genicity equals that of normal/normal dimer). Or secondly, the mutant II/ 


normal dimers are partially degraded. 


The mutant III/normal dimer is as antigenic as the normal/normal dimer 
and this is consistent with the intracistronic complementation data for 
the Dde mutants obtained by Wright et al. (1976b). The mutants Bde” and 
ich de belonging to class III are the only two which complement enough to 
produce viable adults which do not exhibit the "escaper" phenotype (Table I). 
This suggests that the lesions in the Dde gene in these two mutants are 
not severe and that these mutants produce polypeptides which are close 
to normal. The mutants belonging to other classes complement only 
slightly or not at all and rarely produce viable adults. The adults pro- 
duced exhibit a severe "escaper" phenotype and die very early after 
eclosion. This suggests that the lesions in the Dde gene in these mutants 


are severe and the mutant/normal dimer produced doesn't resemble the 
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normal/normal dimer. The mutants belonging to class I showed low levels 
of intracistronic complementation and pde”” belonging to this class, does 
not complement with any of the other mutants. The CRM results and com- 
plementation data together suggest that mutants in class I appear to be 
complete null mutants. 

The Diet) piace flies had about 8% enzyme activity and 16% CRM. In 
these heteroallelic heterozygotes presumably the dimers mutant 5/ mutant 5 
and mutant 8/ mutant.8 were CRM and inactive. The CRM and activity were 
contributed by the heteroallelic or hybrid dimers. The CRM level of 
this combination could not be obtained by quantitative immunoelectrophoresis 
because no distinct rockets were seen. There were streaks of stain all 
the way above the well after staining the gels, suggesting that the 
enzyme from these flies had reduced affinity for the antibodies against 
wild type DDC and may be structurally and/or antigenically different 


from the wild type enzyme. 


The coupling of enzyme activity measurements with determinations of 
CRM has allowed us to examine the molecular basis of the mutant defects in 
the Dde mutants in more detail than Wright et al. (1976b). Im particular, 
the CRM studies have allowed us to clearly identify the class III mutants 
which on the basis of enzyme activity alone are not easily distinguishable 
from the class II mutants. The availability of highly specific antibody 
against DDC will allow us to persue other biochemical and genetic aspects 
in the study of DDC. For example, an antibody-affinity column prepared by 
P.Pass (personal communication) has greatly simplified our purification 
procedure for the enzyme. The antibody is being used in an attempt to 
develop a technique for visualizing DDC on gels following electrophoresis 


and, if successful, will permit the screening of electrophoretic variants 
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of the enzyme. And finally an attempt is being made to purify the mRNA 
for DDC by precipitation with antibody of specific polysomes in the process 


of translating DDC mRNA. 
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